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METHOD FOR SELECTING OPTIMAL I/O BUFFER 

TECHNICAL FIELD 
This invention relates to a method for selecting an optimal I/O buffer. 

5 BACKGROUND 

As is known in the art, selecting an input/output (I/O) buffer requires that the designer 
consider board topologies, board, response-time characteristics (i.e., speed, rise time, 
overshot, etc.), bus cross-talk, etc. Unfortunately, this cannot be done until the actual board 
has been manufactured. Selecting the optimal I/O buffer has many advantages such as 

10 optimized signal quality, lower switching noise and lower power consumption. More 

particularly, because designs are becoming faster, and power consumption is becoming a 
concern for the current and future platforms, each signal transmission has to be specifically 
designed and every watt saved. Integrated circuit (IC) I/O buffers determine the quality of the 
signal as well as consume roughly 30-40% of the total IC power. Hence, careful selection of 

15 the optimal I/O buffers might have a great impact on the final signal quality and total power 
consumption by potentially recommending an optimal drive buffer. Selecting high current 
drive buffers would result in better rise time at the expense of higher switching noise. 
Selecting the optimal buffer drive for a given board topology would eliminate any 
unnecessary switching noise on the board, resulting in better signal quality and reliability. 

20 Any given Field Programmable Gate Array (FPGA) device, being programmable, 

enables the designer to "tweak" the I/O buffers to optimize its performance. However, in 
many cases, an Application Specific Integrated Circuit (ASIC) device follows the FPGA 
design, which does not enable the I/O buffers therein to be "tweaked", therefore requiring a 
pre-selected set of I/O buffers. 

25 

SUMMARY 

In accordance with the present invention, a method is provided for selecting an I/O 
buffer. The method includes providing a plurality of I/O buffers. Each one of the plurality of 
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I/O buffers has a different performance characteristic. Each one of the plurality of I/O 
buffers is coupled to a receiving device through a corresponding one of a plurality of 
transmission lines. Each one of the plurality of buffers is driven by a logic signal. Each one 
of the transmission lines produces a corresponding series of output logic signals. The 
plurality of output signals is observed. The method includes selecting one of the plurality of 
I/O buffers in accordance with the observed output signals. 

In one embodiment, the selecting comprises selecting one of the plurality of I/O 
buffers in accordance with at least one predetermined criteria of the observed output signal 
produced by each of the plurality of buffers. 

In one embodiment, the driving comprises driving each one of the plurality of buffers 
with a train of logic signals, each one of the transmission lines producing a corresponding 
series of output logic signals; the observing comprises observing the plurality of output 
signals; and the selecting comprises selecting one of the plurality of I/O buffers in 
accordance with a predetermined criteria of the observed output signals. 

In accordance with another featiwe of the invention, a system is for selecting an I/O 
buffer. The system includes a plurality of I/O buffers, each one having a different 
performance characteristic. The system includes a plurality of transmission lines. A receiving 
device is coupled to the plurality of I/O buffers through a corresponding one of the plurality 
of transmission lines. A logic pulse generator is provided for driving each one of the plurality 
of buffers with a logic signal, each one of the transmission lines producing a corresponding 
output logic signal. A signal analyzer observes the output signal produced by the plurality of 
buffers. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG 1 is a block diagram of a system for selecting an I/O buffer in accordance with 
the invention; 

FIG. 2 is a timing diagram of logic signals used to drive I/O buffers used in the 
system of FIG. 1: 



FIG. 3 is a timing diagram of the response of the I/O buffers of the system in FIG. 1 
in response to the logic signals of FIG. 2; 

FIG. 4 is a timing diagram showing a plurality of criteria used in the observation of 
the responses of I/O devices of FIG. 1 from the logic signals in FIG. 2; and 
5 FIG. 5 is a flow diagram of the process used to select one or ones of the I/O buffers 

used in the system of FIG. 1 in accordance with the invention. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a system 10 is shown for selecting an I/O buffer. The 

10 system 10 includes a plurality of, here nine, I/O buffers 12i-129. Each one of the plurality of 
I/O buffers has a different programmable performance characteristic. Thus, here I/O buffer 
12i is a referred to as a type 1 buffer and its performance characteristic is progranmied such 
that it provides a low output current, here for example, 8 milliamps and has a relative slow 
response time. The I/O buffer 122 is a referred to as a type 2 buffer and its performance 

15 characteristic is programmed such that it provides a low output current, here for example, 8 
milliamps and has a relative fast response time. The I/O buffer 1 23 is a referred to as a type 3 
buffer and its performance characteristic is programmed such that it provides a low output 
current, here for example, 8 milliamps and has an ultra-fast response time. The I/O buffer 
124 is a referred to as a type 4 buffer and its performance characteristic is programmed such 

20 that it provides a medium output current, here for example, 12 milliamps and has a relative 
slow response time. The I/O buffer 1 25 is a referred to as a type 5 buffer and its performance 
characteristic is programmed such that it provides a medium output current, here for 
example, 12 milliamps and has a relative fast response time. The I/O buffer 12^ is a referred 
to as a type 6 buffer and its performance characteristic is programmed such that it provides a 

25 medium output current, here for example, 12 milliamps and has an ultra-fast response time. 
The I/O buffer 12? is a referred to as a type 7 buffer and its performance characteristic is 
programmed such that it provides a high output current, here for example, 16 milliamps and 
has a relative slow response time. The I/O buffer 128 is a referred to as a type 8 buffer and its 
performance characteristic is programmed such that it provides a high output current, here for 

30 example, 16 milliamps and has a relative fast response time. The I/O buffer 1 29 is a referred 
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to as a type 9 buffer and its performance characteristic is programmed such that it provides a 
high output current, here for example, 16 milliamps and has an ultra-fast response time. 

Each one of the plurality of I/O buffers 1 2 r 1 29 is coupled to a receiving device 1 4 
through a corresponding one of a plurality of transmission lines I61-I69, respectively as 
shown. It should be noted that the system 10 may have many more type 1 - type 9 buffers 
coupled to the receiving device 14 through a corresponding transmission line. Each one of 
the plurality of buffers I/O buffers 12rl29 is driven by a logic signal produced by logic pulse 
generator 1 8. Here, the logic pulse generator 1 8 produces a train of logic pulses, here for 
example a logic 1 followed by a logic zero and so forth. Thus, here, for example, the voltage 
provided by the logic pulse generator would be a train of pulses stepping between a 0 volt 
level (i.e., here representing a logic 0) and a + 3 volt level (here representing a logic 1, i.e., a 
train of 3 volt pulses, as shown in FIG. 2. 

Each one of the transmission lines I61-1 69, produces a corresponding series of output 
logic signals, as shown in FIG. 4, from a corresponding one of the I/O buffers 12^129 in 
response to the a train of logic pulse provided by the logic pulse generator 18. The plurality 
of output signals on the transmission lines I61-I69 is observed by a signal analyzer 20. The 
method includes selecting one of the plurality of I/O buffers in accordance with 
predetermined criteria the observed output signals. It is noted that the plurality of I/O buffers 
12i-129 are here disposed on a common IC chip 22. 

More particularly, referring to FIG. 3, a series of output logic signals is shown. It is 
noted that each one of the transmission lines produces a corresponding series of output logic 
signals, depending on the physical characteristics of the medium it is connected to. 

Some of the observed parameters are overshoot, non-monotonic edges, edge rate and 
closeness to rail voltage. Thus, in this example and referring again to FIG. 4, buffer type 4 
has excessive overshoot while buffer type 7 has a slow edge rate. Thus, buffer types 4 and 7 
would not be selected while any of the other 7 buffer types, here buffer types 1-3, 5-6, 8-9 
could be selected. Here, type 6 is selected (i.e., medium output current, here for example, 12 
milliamps and has an ultra-fast response time. 

Once selected, all I/O buffers 12i-129 are programmed with the characterictics of type 
6, here, medium output current, here for example, 12 milliamps and has an ultra-fast response 
time. The chip 22 (FIG. 1) is then test again with I/O buffers 12i-129 with the characteristics 
of the selected type, here for example, type 6. The plurality of output signals on the 
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transmission lines 161-169 is observed again by the signal analyzer 20. If the plurality of 
output signals on the transmission lines I61-I69 meet the criteria, the process is complete and 
type 6, in this example, will be applied to the final design planned for the FPGA that >yill, in 
turn, be applied to an ASIC. At the end of the process, one of the types is selected and 
5 provided to the ASIC manufacturer for the final ASIC chip. On the other hand, if the 

plurality of output signals on the transmission lines I61-I69 do not meet the criteria, and other 
one of buffer types 1-3, 5, 8-9 is selected and the chip 22 (FIG. 1) is then test again with I/O 
buffers 1 2 1 - 1 29 with the characteristics of the newly selected type. 

A flow diagram of the process is shown in FIG 5. Thus, in Step 500, a plurality of 
1 0 I/O buffers is provided, each one of the plurality of I/O buffers having a different 

programmed performance characteristic, each one of the programmed plurality of I/O buffers 
being coupled to a receiving device through a corresponding one of a plurality of 
transmission lines. 

In Step 502, each one of the plurality of programmed buffers is driven by a logic 
15 signal. Each one of the transmission lines produces a corresponding of output logic signal. In 
the example above, each one of the plurality of programmed buffers with is driven with a 
train of logic signals. 

In Step 504, the plurality of output signals is observed. 

In Step 506, one, or ones, of the plurality of I/O buffers is selected in accordance with 
20 whether the observed output signal produced by each of the plurality of buffers meet a 
predetermined criterion. 

In Step 508, all I/O buffers 12i-129 are programmed with the performance 
characteristics of one the I/O buffers 12i-129 which meets the predetermined criteria. 

In Step 510, each one of the plurality of buffers 12i-129, now all programmed with 
25 the same performance characteristics, is driven by a logic signal. Each one of the 
transmission lines produces a corresponding output logic signal. 
In Step 5 1 2 the plurality of output signals is observed. 

In Step 514, if the plurality of output signals on the transmission lines I61-I69 meet 
the criteria, the process is complete and the selected type will be applied to the final design 
30 planned for the FPGA that will, in turn, be applied to an ASIC and provided to the ASIC 
manufacturer for the final ASIC chip. Step 516. On the other hand, if in Step 514, the 
plurality of output signals on the transmission lines I61-I69 do not meet the criteria, another 



one of buffer types meeting the selection process of Step 506 is selected and the chip 22 
(FIG. 1) is then test again with I/O buffers 12i-129 with the characteristics of the newly 
selected type. Steps 506 and 512 may be repeated as necessary to verify the proper operation 
and validity of selection made in previous iterations of these steps. 
5 A number of embodiments of the invention have been described. Nevertheless, it will 

be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 
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